SUMMARY Postmortem angiography was used to examine the blood vessels supplying the sinoatrial node in 25 subjects with chronic sinoatrial disorder (group 1). The results were compared with similar studies in 54 subjects who died of heart block and in whom sinus node function was normal (group 2). Although no significant lesion obstructing the blood flow to the sinus node was seen in the majority of those in group 1, there were abnormalities in seven cases, with reduced filling of the sinus node artery in five. In group 2 the sinus node artery filled normally in all cases despite major disease of the parent vessel in three. The combination of contralateral coronary artery disease with extensive atrial anastomoses was actively sought because this arrangement might predispose to a steal phenomenon. Such conditions were fully met in three cases in group 1 and two cases in group 2, and were found to a lesser extent in a further two cases in group 1 and three in group 2.
Chronic sinoatrial disorder (sick sinus syndrome) is now one of the commonest conditions treated by pacemaker implantation, yet its aetiology remains in doubt. Acute dysfunction of the sinus node is commonly seen in the early stages of myocardial infarction but it usually disappears within the first 24 Accepted for publication 9 July 1987 sinus node,7 ' but the numbers of cases studied are small and even fewer have been investigated by postmortem angiography. Reviewing the subject Becker concluded that the aetiology remained in doubt and that a full angiographic study of the blood supply to the sinoatrial node was required to assess the role of coronary artery disease.10 As an additional factor he suggested that there might be a steal phenomenon through atrial collateral vessels, a possibility which had not been previously assessed. Another factor is the improved survival of patients with extensive cardiac infarction in which there may be major obstruction to the sinoatrial artery or its parent vessel.
We have investigated the blood supply to the sinus node by postmortem angiography in patients with chronic sinoatrial disorder. Patients dying of chronic heart block were used as controls because both they and the patients with sick sinus syndrome had been followed up in an identical manner in our department. Patients and methods
PATIENTS
Most of the material was obtained from patients who died while in the Devon Heart Block and Bradycardia Survey.11 All subjects were known to have suffered from either sinoatrial disorder or heart block for 28 days or more. For the purposes of analysis they were divided into the following groups: Group 1 consisted of 25 subjects with chronic sinoatrial disorder. All were known to have had features of sinus node dysfunction for more than a month before death and 23 had been followed up in the Devon Survey. The angiographic findings in four cases were briefly described in 1977.8
Group 2 consisted of 54 subjects with normal sinus node function but chronic second or third degree atrioventricular block and who had been followed up in the Devon Survey for one month or more. Table 1 gives the age at the time of death, the follow up time, and the number of subjects paced in the two groups. The appendix gives further details of the patients in group 1 
METHODS
Most of the patients died at home and permission for necropsy was only obtained by the speedy cooperation of the patient's family doctor. Usually the family agreed to only a limited procedure; this was carried out as soon as possible after death. When the heart was removed particular care was taken to sever the superior vena cava 2 or 3 cm above its junction with the right atrium so that the sinoatrial node and its blood supply were not damaged. After initial inspection of the heart the coronary ostia were examined and then cannulated. Both coronary arteries were flushed with saline at low pressure to remove postmortem sludge and then the right coronary was perfused with a radio-opaque medium for 5min at a pressure of 130mmHg. Radiographs of the heart were taken in three planes on a fine grain film (Mamoray RP3) with an Elema-Schonander skull unit with 40 kV at 400 mA, a focal spot of 0-6 mm, and a focal film distance of 32 inches. Films were developed and if they were satisfactory, then the left coronary artery was perfused and a further set of x rays was taken. The standard views were anterior-posterior, left lateral, and left anterior oblique; but in a proportion of patients additional views were taken. The injectate usually consisted of a barium suspension mixed with Colourpaque to which a little dissolved gelatine had been added. This mixture penetrated into vessels with diameters of between 25 and 30 gm.
After postmortem angiography of the heart in toto, we removed the block of tissue containing the junction between the superior vena cava and right atrium, pinned it out on a board, and x rayed it to demonstrate the sinoatrial node artery and its Shaw, Linker, Heaver, Evans branches. The heart was fixed for two or three weeks and blocks taken from the heart and main coronary arteries for histological examination.8 We used a modification of the method described by Davies.12 The angiograms were studied with an overhead projector which gave a ninefold magnification. We concentrated on the right coronary up to the origin of the posterior descending branch (where present) and the left coronary, including the initial parts of its two main branches proximal to the first diagonal and second obtuse marginal. The widths of the arteries were measured and in narrowed areas the reduction in lumen was expressed as a percentage of the width of the preceding sections; obstructions of less than 20% were classified as normal. We looked for vessels running between branches of the sinoatrial node artery or its parent vessel and other atrial arteries, particularly those arising from the contralateral coronary artery. To be accepted as anastomotic vessels they had to be seen on all three x ray projections (fig 1) . One or two connecting vessels were designated as "some" and three or more as "many". If filling of atrial arteries stemming from the right coronary artery was poor after this vessel had been perfused, the appearances were reviewed after perfusion of the left coronary artery for evidence of an increased flow of contrast material via anastomoses. The potential for a steal phenomenon was identified only if there was an anastomosis between the sinus node artery proximal to the node and a branch of an obstructed (50% or more) contralateral artery.
Filling of the sinoatrial node artery was assessed by examination of the initial angiograms of the whole heart and subsequent films of the tissue block containing the sinoatrial node. Filling was classified as "normal" where the vessel and its tributaries could be seen easily with sharp outlines on a standard x ray viewing box and "reduced" if the vessel was blurred with indistinct or barely visible tributaries. Filling was termed "poor" if the sinus node artery could only be discerned with difficulty using a bright light and "nil" if the artery was invisible on x rays of the whole heart or tissue block containing the sinus node. 
SINUS NODE ARTERY AND ITS PARENT VESSEL
In most subjects from both groups the sinus node artery filled normally, often despite evidence of extensive coronary artery disease (fig 2) . In group 1, however, narrowing of > 50% was present in seven cases and sinus node artery filling was abnormal in six (table 3) . Figure 3 shows examples in which there was no filling of the sinus node area and fig 4 shows the sinus node artery filled through anastomotic connections from the contralateral coronary vessel. group.bmj.com on June 23, 2017 -Published by http://heart.bmj.com/ Downloaded from tlncluding two with dual supply and two with unknown origin.
Case 185 was unusual because the atrial artery supplying the branch to the sinus node was blocked at a point approximately two thirds along its course.
The sinus node artery filled normally in all of the 54 subjects in group 2. There was a major obstruction of the parent vessel in three, however, and in cases 162 and 146 the right main coronary artery was completely blocked and the sinus node artery filled via extensive anastomotic networks coming from the left coronary. In case 86 the sinus node artery was a branch of the left coronary, which was 80% narrowed; initial injection of the right coronary artery produced some filling by anastomotic channels and filling through the left coronary was normal.
CONTRALATERAL CORONARY ARTERY
In seven cases in group 1 the contralateral artery or one of its major branches was obstructed by > 50%. Two of these (216 and 144) had no apparent anastomotic vessels, but in the other five the findings were compatible with a steal phenomenon because there were some or many anastomotic vessels associated with major obstruction of the contralateral coronary artery.
In group 2 there was > 50% obstruction of the contralateral artery or its main branches in nine, including two of those with major disease of the other coronary artery. None of the remaining seven cases had many anastomotic vessels: five had some and two had none.
In the four patients dying soon after acute myocardial infarction postmortem angiography showed that the parent vessel to the sinus node artery was completely blocked in two and that there was severe bilateral coronary disease in the other two cases, one of which also fulfilled the criteria for a potential steal phenomenon.
Discussion
The anatomy of the blood supply to the atria and sinus node is very variable ' 4-16 and Shaw, Linker, Heaver, Evans they vary considerably in size, length, and morphology.
In most patients with chronic sinoatrial disorder in the present study the blood supply to the sinus node was not obstructed by disease of the large arteries. Significant arterial lesions were relatively common, however; and these caused reduced filling of the sinoatrial node artery in five of 25 cases and the potential for a steal phenomenon in a further five cases. There is some uncertainty about the effects of the lesions in two of these cases (215 and 150) where the principal contralateral arterial lesions were in the anterior descending branch of the left coronary artery, a vessel which contributes less to the atrial anastomotic system than do the circumflex and right coronary arteries. All of the cases in group 2 showed satisfactory filling of the sinus node artery, although in three collateral vessels from the contralateral coronary artery made a major contribution. The angiographic appearance suggested a potential for a steal phenomenon in five cases, but in three the predominant obstruction was in the left anterior descending artery. There had been no evidence of sinus node dysfunction during life in any of these cases. The findings in the four cases of acute sinus node dysfunction after cardiac infarction suggest that, had they survived, at least three would have been left with ischaemia of the sinus node. Improved methods of treatment may increase the number of patients with impaired sinoatrial function who survive the acute episode.
